A common method for determining forage production of rangelands is by clipping and weighing forage from quadrats with predetermined areas. This technique is however time consuming. Other techniques which require less time and labour include amongst others using the disk pasture meter or phytomass derived from the vegetation classification program PHYTOTAB, in conjunction with the Plant Number Scale, which is used to determine vegetation canopy cover. The phytomass determined using PHYTOTAB/Plant Number Scale and the disk pasture meter was compared to the phytomass obtained from the actual clipping and weighing of forage. Tests showed that there were indeed statistically significant differences between the mean phytomass values of the three techniques. Considerable variation was shown in the results of the disk pasture meter readings compared to the other two techniques. The phytomass values obtained using the disk pasture meter were significantly higher than the phytomass determined using both the PHYTOTAB/Plant Number Scale and the clipping and weighing techniques. Results further indicated a significant similarity in the phytomass determined using the PHYTOTAB/Plant Number Scale and the clipping and weighing technique. The results of this pilot study need further investigation.
Introduction
The ability to accurately measure aboveground phytomass of the grass layer is important in calculating forage availability for grazing and animal stocking rates and it influences the effectiveness of fire when used as a management tool to remove moribund material. According to Harmoney et al. [1] and Sharrow [2] , clipped pasture samples are the most accurate and commonly used method for determining phytomass. Clipping is laborious and destroys a portion of the sward sampled. Much effort has been devoted to the development of rapidly measured, nondestructive parameters from which phytomass may be predicted without the necessity of clipping plots. Both pasture height [3] and forage bulk [4, 5] have been employed successfully as predictors of pasture phytomass. Forage bulk refers to the volume of forage compressed beneath a plate of known weight [3] . The relationship between forage bulk and pasture phytomass yield generally has been strong with correlation coefficients greater than 0.90 often being reported [4] [5] [6] [7] [8] [9] . Because forage bulk is a measure of "compressed volume" of forage, it integrates both sward height and density into a single, three-dimensional quantity. This is believed to explain its value as a predictor of phytomass yield [4, 6] .
Less tedious methods that do not require clipping would allow managers to take phytomass readings more frequently. This can be particularly useful when, for example, the objective is to determine the amount of forage consumed by livestock and game species within certain seasons. Accuracy of results can also be increased when more samples are taken. The use of the disc pasture meter (DPM) to determine forage phytomass was developed by Bransby and Tainton [3] and integrates sward height and density into one measure, often called bulk height or bulk density [4] . The most practical and efficient method for estimating grass fuel loads is with the DPM and can be applied and used in numerous vegetation types [10] . The technique involves relating the settling height of an aluminum disc dropped onto the grass sward to the standing crop of grass holding up the disc, expressed in kilograms per hectare. This technique can be problematic as estimations may be affected by rocks, rather than grasses, holding up the base plate [11] . There is a simple 2 International Journal of Ecology relationship between the settling height and the standing crop of grass provided that the disc pasture meter has been successfully calibrated. Successful universal calibrations have been achieved for much of the grasslands and savannas in Southern Africa [10] . Research and field experience indicate that the calibration developed in the Kruger National Park [12] can be used as a general calibration for estimating grass fuel loads for management purposes in these regions of Southern Africa [13] .
The DPM relies on calibrations performed on pure or evenly distributed plant compositions to determine forage phytomass. Commercially available meters come with factory calibrations; however, the accuracy and precision of these equations have not been evaluated for Southern Africa rangeland conditions. Many studies of double-sampling techniques have shown that these techniques require frequent calibration and that universal equations for estimating pasture mass may be unreliable [14] . Previous studies have indicated that universal prediction equations were not useful because of variations in rangeland, management, and climate [14] . The level of error in measuring forage mass varies widely. E. B. Rayburn and S. B. Rayburn [15] and Unruh and Fick [16] , however, working in rangelands of Northeast USA, obtained calibration errors with plate meters of about 10% of pasture yields. They concluded that this level of error is acceptable for farm use.
The Plant Number Scale (PNS) was developed by Westfall and Panagos [17] as an improved method of cover estimation using variable-sized belt transects. This technique is used to determine the canopy cover of all plant species recorded using a quadrat or area-based survey technique. The quadrat size used in this study was 100 m 2 . Individuals of each species recorded were counted using variable-sized transects. The variability of the transect size (length and width) was dependent on the average canopy size and average spacing between canopies of the same species. The recorded vegetation data are loaded onto a computer and are classified into plant communities using the PHYTOTAB computer program developed by Westfall [18] . PHYTOTAB, using the canopy cover of each grass species recorded, derives both an estimated phytomass (kg/ha) for each individual grass species and an estimated grass biomass (kg/ha) for each plant community. This method has proved to provide accurate results for estimations of canopy cover and phytomass if field sampling is accurate and precise [19] .
Disadvantages of the PNS include reduced precision because of the classes used for crown diameters as well as sometimes insufficient variation being included within transects, especially short transects [20] . A further disadvantage is the difficulty in determining mean crown to crown gap for plants with varied spacing. Spacing can vary considerably for plants with a given cover and density in terms of individuals per hectare [20] . Advantages of the PNS method include being originally developed in South African savannas with less observer bias than many other vegetation assessment techniques [21, 22] . The provision of species-specific phytomass, density, spacing, and canopy cover estimates via the use of PHYTOTAB [23, 24] is an added advantage.
The main objective of this pilot study was to test and compare the grass phytomass derived using the Plant Number Scale with figures obtained using the disk pasture. The clipped and weighed phytomass served as a benchmark for comparison with the phytomass figures obtained using the other two techniques.
Study Area
The study area is situated in the Dinokeng Nature Reserve within the boundaries of the Kwalata Game Ranch (KGR), located 20 [25] . The tree canopy cover of the study area ranges from 11% to 20% and is dominated by woody species of Combretum, Acacia, Ziziphus, and Euclea found on flats and lower slopes primarily on eutrophic sands. The herbaceous layer is dominated by grasses with relatively low basal cover occurring on sandy soils [26] .
The study area is situated in the summer rainfall region with very dry winters. Three seasonal distinctions can be made within the area, namely, a cool dry season from May to mid-August, a hot dry season from mid-August to October, and a hot wet season from November to April [25] . KGR has a mean annual rainfall of 500-700 mm occurring mainly in summer and mean maximum and minimum temperatures of 35 ∘ C and −3.1 ∘ C for November and June, respectively. The KGR consists of two major veld types [26] , namely, Mixed Bushveld (veld type 18) and Sourish Mixed Bushveld (veld type 19). The same vegetation was more recently described by Mucina and Rutherford [25] as Central Sandy Bushveld (SVcb12) and Loskop Mountain Bushveld (SVcb 13). The survey sites of the study were, however, restricted to the Central Sandy Bushveld.
The geology of the KGR consists of the layered Bushveld igneous complex (Lebowa), dominated by mafic and ultramafic rocks intruding into the Transvaal Sequence [25] . The KGR falls within the southern parts of the Mixed Bushveld vegetation unit and has an underlining geology consisting of granite of the Lebowa Granite Suite and some granophyre of the Rashoop Granophyre Suite. The most important sedimentary rocks of the Waterberg Group are sandstone, conglomerate, and siltstone of the Alma Formation and also sandstone, siltstone, and shale of the Vaalwater Formation [25] . The soils of the KGR are from either the Hutton or Clovelly soil forms that are well drained and deep, often with catenary sequence from Hutton at the top to Clovelly on the lower slopes. Soils with minimal development also occur, usually very shallow on hard or weathering rock. Lime is very rare or absent in the landscape [25] .
Methods
Three survey sites of no specific dimensions were subjectively selected within the Central Sandy Bushveld portion of the International Journal of Ecology KGR in areas with limited or no woody cover. At each survey site, three sample sites (quadrats) of 100 m 2 were placed out ten meters from the survey site center using compass bearings thus providing a total of nine sample sites surveyed (Figure 1) . A photographic record was taken at each sample site for reference purposes and the coordinates of all nine sample sites were recorded using a global positioning system (GPS).
All three techniques were used for recording data at the nine sample sites. The DPM was calibrated for each individual survey site before any readings were recorded. The DPM consists of a long central aluminium rod, an aluminium sleeve which slides freely on the central rod, and a disc plate with a diameter of 362 mm (0.166 m 2 ) attached to it. The central rod is marked at 10 mm intervals in an upward direction starting at the top end of the sleeve when the under surface of the disc is flush with the lower end of the rod [4] . The combined weight of both the aluminium sleeve and disc plate is 1.5 kg which is dropped onto the grass underneath the disc to obtain forage bulk readings. The central rod of the DPM is placed perpendicular to the ground surface, while the sleeve with the attached disc is held over the grass sward and dropped from a standard height of 600 mm above the ground. After the settling height has been recorded, the grass underneath the disc is clipped as close to the ground surface as possible. Each individual clipping was collected and marked. The grass clippings were sundried for a period of three weeks. After the clippings had been dried and weighed, they were used to calibrate the DPM by relating the disc meter settling height (cm) to the grass phytomass (g) of that specific reading [12] . Four DPM readings were recorded within a 5 m distance from the centre of each survey site. It was purposely decided to record only four DPM readings to determine whether accurate phytomass values can be obtained with limited data. Calibrations for each survey site were calculated, using the mean of the four readings. The calculated value for each survey site was applied to the corresponding sample site at that survey site.
Three sample sites (quadrats) of 100 m 2 (10 m × 10 m) were recorded at each survey site (Figure 1 ) using the three different techniques. The herbaceous plant species were recorded and canopy cover values determined using the PNS. At the same sample site, a total of four DPM readings were recorded. The mean of these four recordings presented the phytomass (kg/ha) of the sample site. Lastly, a one-squaremeter frame was subjectively laid out within these quadrats and clipped. One benchmark clipping was done in every quadrat. These clippings were also sundried for three weeks and weighed afterwards.
The one-way analysis of variance (ANOVA) test, which is a statistical technique used to compare the means of two or more samples [27] , was used in conjunction with the Tukey test [28] . The Tukey test, also referred to as the Tukey-Kramer method, is a single-step multiple comparison procedure and statistical test comparing all possible pairs of means, based on a studentized range distribution [28] .
Results
The data of the sample sites were analyzed and a total of nine phytomass values (kg/ha) were calculated for each technique at the three survey sites ( Table 1) .
The one-way ANOVA analysis of variance statistical test was used to investigate possible differences in results obtained using the different techniques. The analysis indicated statistically significant differences between the mean phytomass values of the three samples, where n = 9 in each case, at 2 and 24 df (F = 23.767, P < 0.05) ( Table 2) .
Once a significant difference was established (P = 0.000002), the Tukey test was used to determine which values differed significantly from one another. The results indicated a significant difference in mean phytomass of the clipping and weighing and DPM techniques (P = 0.000203). There was not, however, a significant difference between the mean phytomass of the clipping and weighing and PNS techniques (P = 0.363271) ( Table 3 and Figure 2 ). 1  2  3  1  2  3  1  2  3  1  9 845  3 500  1 852  2  7 324  3 Table 3 : Statistical analysis of the differences in phytomass (M = mean phytomass) between the three techniques using the Tukey test. 
Discussion
The survey sites were subjectively chosen to ensure sampling on evenly distributed plant compositions within the Central Sandy Bushveld [25] . Vegetation data obtained using the Plant Number Scale [17] and analyzed using the PHYTOTAB computer package [18, 23] confirmed three distinct plant communities within this vegetation type. The three survey sites sampled correlated with the three plant communities identified. Considerable variation was shown in the results of the DPM readings compared to the results of the other two techniques used. The phytomass values for all sample sites, using the DPM, were considerably higher than the values calculated using both the PNS and the clipped and weighing techniques. Although the phytomass obtained using the DPM greatly exceeded those of the other two techniques, further investigation is needed before distinctive judgments can be made regarding the accuracy of the method. A study done by Bransby and Tainton [3] on the application of the DPM in grazing management clearly indicates that a specific calibration process must be followed to obtain accurate results. The calibration process explained involves the sampling of ±14 individual readings opposed to the four readings done in this study. Bransby and Tainton [3] indicated that regression relationships can vary considerably between calibrations and that these relationships may be influenced by rangeland type and conditions (time in the season, disc mass, disc size, etc.). Grass structure and forage type are factors that should be considered when using the DPM. Results from this study showed that the DPM provided the highest phytomass in survey site 1, which is dominated by the highly fibrous grasses Loudetia simplex and Diheteropogon amplectens. Compared to the results of the other two techniques, it is believed that the DPM tends to overestimate phytomass due to varying settling heights. In the Kruger National Park, Zambatis et al. [11] noticed that the instrument frequently settles above the bulk of the grass leaf mass, leading to the suspicion that the settling height is inflated and nonrepresentative. During the application of the DPM, the operator needs to carefully consider the presence of rocks and even the stems of herbaceous plants other than grasses, since this will definitely influence the settling height of the disc.
The results of this study showed a significant similarity in the PNS's projected phytomass and the actual clipped phytomass for all three survey sites. Although the PNS technique is somewhat labour intensive, the results obtained do provide more accurate estimations of pasture phytomass than the results of the DPM in relation to the benchmark (clipping and weighing). As the study progressed, less time was spent using the PNS technique, suggesting that field worker experience plays a major role in the labour intensity of the method.
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Conclusion
The results obtained from this pilot study, which was conducted in natural grassland, indicated the importance of grass structure/growth form on disc settling height of the DPM. The phytomass figures generated in grasslands, other than planted pastures, should be used with caution due to the potentially inflated readings. Another area of concern needing more study is that of the universal calibration models/equations used for Southern African grassland and savanna systems. As mentioned, calibration models are influenced by a number of factors such as variations in rangelands, management, and climate of an area [3, 14] , thus making calibrations area and vegetation specific. Phytomass estimations obtained using the PNS and the PHYTOTAB computer program package compared favourably with the figures of the actual clipping and weighing of grass. This could be a valuable spin-off from techniques that were primarily developed for phytosociological studies. The conclusions are however drawn from data recorded at a limited number of sample sites and it is suggested that the number of sample sites be increased in further studies. The number of calibrations for the DPM and the total number of clippings also need to be increased at each sample site within the Central Sandy Bushveld. The accuracy of the DPM results depends largely on the structure of the dominant grass species at a sample site within a specific vegetation type and it is suggested that the study be extended to other vegetation types.
